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The title structure, 3C 2 H V N 4 0 + -HFP03~FP0 3 2 ~H 2 0, 
contains three independent 2-carbamoylguanidinium cations, 
one fluorophosphonate, one hydrogen fluorophosphonate and 
one water molecule. There are three different layers in the 
structure that are nearly perpendicular to the c axis. Each 
layer contains a cation and the layers differ by the respective 
presence of the water molecule, the hydrogen fluorophospho- 
nate and fluorophosphonate anions. N— H- ■ O hydrogen 
bonds between the guanylurea molecules that interconnect 
the molecules within each layer are strong. The layers are 
interconnected by strong and weak O— H- ■ O hydrogen 
bonds between the anions and water molecules, respectively. 
Interestingly, the configuration of the layers is quite similar to 
that observed in 2-carbamoylguanidinium hydrogen fluoro- 
phosphonate [Fabry et al. (2012). Acta Cryst. C68, o76-o83]. 
There is also present a N— H- ■ -F hydrogen bond in the 
structure which occurs quite rarely. 

Related literature 

For the related structures 2-carbamoylguanidinium hydrogen 
fluorophosphonate and bis[guanylurea)(l+)] fluorophospho- 
nate dihydrate, see: Fabry et al. (2012«,£>). For the related 
compound 2-carbamoylguanidinium hydrogen phosphite and 
its physical properties, see: Fridrichova et al. (2010a,ft); 
Kroupa & Fridrichova (2011). For the applied values of the 
constraints for water molecules, see: Allen (2002). For 
preparation of the precursors, see Ostrogovich (1911); Schiilke 
& Kayser (1991); Scoponi (1991). For the involvement of 
fluorine in hydrogen bonds, see: Dunitz & Taylor (1997); 
Krupkova et al. (2002). For the denomination of the hydrogen 
bonds, see: Desiraju & Steiner (1999). For the extinction 
correction, see: Becker & Coppens (1974). 
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Experimental 

Crystal data 

3C 2 H 7 N 4 0 + -HF0 3 P~F0 3 P 2 ~H 2 0 

M r = 524.3 

Triclinic, PI 

a = 6.7523 (3) A 

b = 8.2926 (3) A 

c = 9.7297 (4) A 

a = 100.630 (3)° 

P = 90.885 (3)° 

Data collection 

Oxford Diffraction Xcalibur 
Gemini ultra diffractometer 

Absorption correction: multi-scan 
(CrysAlis PRO, Oxford 
Diffraction, 2010) 

= 0.852, r max = 0.888 

Refinement 

R[F 2 > 2a(F 2 )} = 0.030 

wR(F 2 ) = 0.068 

S = 1.52 

4769 reflections 

352 parameters 

22 restraints 



HO- 



O 

II 

-P- 

I 

o- 



H,0 



y = 99.168 (3)° 
V = 528.05 (4) A 3 
Z= 1 

Mo Ka radiation 
ji = 0.30 mm -1 
T = 297 K 

0.60 x 0.45 x 0.40 mm 



8499 measured reflections 
4769 independent reflections 
4203 reflections with / > 3o(I) 
R in . = 0.018 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.19 e A~ 3 

Ap mi „ = -0.16 e A~ 3 

Absolute structure: Flack (1983), 
2216 Friedel pairs 

Flack parameter: 0.08 (6) 



Table 1 

The hydrogen-bond (A, °) pattern in the title structure. 

Atoms Nl— N4, N5— N8 and N9— N12 are situated in the first, second and 
third layers, respectively. The atoms in the blocks comprise the corresponding 
atoms in the respective layers: e.g. N2— H2«2- ■ Ol, N5— H2n5- ■ 02, N10— 
HlnlO- ■ 03. 



D- 


a- -A 




D-H 


H- ■ A 


D-A 


D-H-A 


Oll 


-Hloll 


■ ■ 021 


0.80 (3) 


1.72 (4) 


2.515 (3) 


174 (4) 


Oiv- 


-YLlow- 


■013 


0.82 (2) 


1.957 (19) 


2.754 (3) 


164 (2) 


Ow- 


-YL2ow- 


■022' 


0.82 (2) 


2.253 (17) 


3.037 (3) 


160 (3) 


Ow- 


-YL2ow- 


■023' 


0.82 (2) 


2.41 (3) 


3.023 (3) 


132 (3) 


Nl- 


Hlrcl- ■ 


Otv 


0.860 (18) 


2.302 (15) 


3.022 (4) 


141 (2) 


Nl- 


H2nl- ■ 


Ol" 


0.861 (17) 


2.24 (2) 


2.795 (3) 


122.4 (15) 


Nl- 


H2nl- ■ 


023 ffl 


0.861 (15) 


2.431 (14) 


3.141 (3) 


140.3 (18) 


N6- 


H2n6- ■ 


02" 


0.860 (17) 


2.23 (2) 


2.750 (3) 


119.0 (15) 


N6- 


H2n6- ■ 


012 iv 


0.860 (17) 


2.491 (15) 


3.200 (3) 


140.3 (17) 


N6- 


Hl«6- ■ 


OH 


0.861 (19) 


2.28 (2) 


3.141 (3) 


174 (2) 


N9- 


H2n9- ■ 


021 iv 


0.860 (17) 


2.08 (2) 


2.916 (2) 


164 (2) 


N9- 


Hl«9- ■ 


F2 V 


0.860 (7) 


2.479 (19) 


3.096 (2) 


129 (2) 


N9- 


Hl«9- ■ 


03 


0.860 (7) 


2.01 (2) 


2.634 (2) 


129 (2) 


N2- 


H2rc2- ■ 


Ow 


0.861 (16) 


2.12 (2) 


2.894 (3) 


150 (2) 


N2- 


HU2- ■ 


Ol 


0.861 (12) 


1.94 (2) 


2.618 (3) 


135 (2) 


N5- 


H2n5-- 


013 


0.862 (19) 


2.07 (2) 


2.906 (3) 


165 (2) 


N5- 


Hln5- ■ 


02 


0.860 (7) 


2.03 (2) 


2.646 (3) 


128 (2) 


N10 


-HlnlO- ■ 021 ,v 


0.860 (13) 


2.595 (10) 


3.318 (3) 


142.5 (17) 


N10 


-H2«10- ■ 03" 


0.861 (13) 


2.186 (14) 


2.750 (3) 


122.9 (11) 


N10 


-H2nl0- ■ 022 


0.861 (13) 


2.524 (13) 


3.209 (3) 


137.1 (11) 


N3- 


Hl«3- ■ 


023 ffi 


0.89 


1.95 


2.770 (3) 


153 


N7- 


Hln7- ■ 


012 lv 


0.89 


1.93 


2.807 (3) 


166 


Nll 


-Hl«ll 


■ ■ 022 


0.89 


1.93 


2.804 (3) 


166 
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D-H- ■ A 


D-H 


H-A 


D-A 


D-H- - A 


N4-H1«4- ■ -023™ 


0.860 (14) 


2.386 (16) 


3.170 (3) 


152 (2) 


N4-H2n4- ■ Ow" 


0.86 (2) 


2.32 (2) 


3.173 (3) 


176 (2) 


N8-H2«8---013 iv 


0.857 (16) 


2.024 (16) 


2.877 (3) 


173.8 (15) 


N8-H1«8- ■ 012 vi " 


0.860 (10) 


2.179 (10) 


3.034 (3) 


173 (3) 


N12-H1«12-021 


0.859 (11) 


2.115 (16) 


2.972 (2) 


175 (3) 


N12-H2«12- ■ -022" 


0.859 (11) 


2.198 (11) 


3.031 (3) 


163 (3) 



Symmetry codes: (i) x, y, z — 1; (ii) x — 1, y, z\ (iii) x, y — 1, z — 1; (iv) x, y — 1, z; (v) 
x — 1, y — 1, z\ (vi) x + l,y, z\ (vii) x + l,y — 1, z — 1; (viii) x + l,y — 1, z. 



Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SIR97 (Altomare et ah, 1999); 
program(s) used to refine structure: JANA2006 (Petficek et ah, 2006); 
molecular graphics: PLATON (Spek, 2009), DIAMOND (Branden- 
burg, 2010) and Origin (OriginLab, 2000); software used to prepare 
material for publication: JANA2006. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZJ2040). 
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Tris(2-carbamoylguanidinium) hydrogen fluorophosphonate fluorophosphonate monohydrate 
J. Fabry, M. Fridrichova, M. Dusek, K. Fejfarova and R. Krupkova 

Comment 

Preparation of the title structure was stimulated by the study of 2-carbamoylguanidinium hydrogen fluorophosphonate 
(Fabry et ah, 2011a) and the isostructural 2-carbamoylguanidinium hydrogen phosphite (Fridrichova etah, 2010a). It turned 
out that both compounds form mixed crystals (Fabry et ah, 2011a). 2-carbamoylguanidinium hydrogen phosphite (Frid- 
richova et ah, 2010a) shows interesting optical properties (Fridrichova et ah, 20106; Kroupa & Fridrichova, 2011). These 
compounds were grown from equimolar solutions of the cations and anions. 

In order to extend the study of the system guanylurea - fluorophosphonate there have been carried out experiments on the 
crystal growth from the solutions of different molar ratios of the 2-carbamoylguanidinium cation and the fluorophosphonate. 
One of such experiments resulted in preparation of the title structure and the other one in preparation of two polymorphs of 
bis[guanylurea)(l+)] fluorophosphonate dihydrate (Fabry et ah, 20116). 

The title structure contains three independent 2-carbamoylguanidinium molecules, one fluorotrixophosphate, one hy- 
drogen fluorophosphonate and the water molecule (Fig. 1). The layers, which are nearly perpendicular to the c axis, are 
interconnected by the O — H-0 hydrogen bonds between the fluorophosphonate, the hydrogen fluorophosphonate and the 
water molecules (Fig. 2; Tab. 1). The hydrogen bond between the fluorophosphonate and the hydrogen fluorophosphonate 
is quite strong (Desiraju & Steiner, 1999) in contrast to the weaker ones between the water molecule and the O atoms of 
the hydrogen fluorophosphonate and the fluorophosphonate. 

The geometrical parameters of both anions are in accordance with the observed values in these anions in other structures 
(Fabry et ah, 2011a; deposited material at the end of the CIF). Fig. 3 shows that the [PO3F] " anion in the title structure is 
situated in the region where the anion can be affected as an acceptor of the hydrogen bond, i. e. close to the intermediate 
region of [H - PC^F]". Indeed, the involvement of 021 in the strong hydrogen bond Oll-Hloll-021 is accompanied by 
the concomitant shortening of the P — F bond length, i.e. of P2 — F2 in the present case. A similar, even more pronounced 
effect has recently been observed in bis[guanylurea)(l+)] fluorophosphonate dihydrate (Fabry et ah, 201 lb). 

On the other hand, the position of [HPO3F]" corresponds to the full hydrogenation of the anion. This is in accordance 
with the refined position of the hydroxyl hydrogen that is situated close to the donor oxygen despite of the short O — H— O 
hydrogen bond between both anions. 

The 2-carbamoylguanidinium cations within each layer are interconnected between themselves by the N — H - 0 hy- 
drogen bonds (Fig. 2; Figs. 4-6). These hydrogen bonds are bent with 135 (2)° as maximum for N2-H1«2---01 (Tab. 
2). Moreover, the 2-carbamoylguanidinium cations which are situated in respective layers are also interconnected by the 
N — H -0 hydrogen bonds with water molecules (layer 1; Fig. 4), hydrogen fluorophosphonates (layer 2, Fig. 5) and fluoro- 
phosphonates (layer 3, Fig. 6). It is interesting that the secondary amines form stronger N — H-O hydrogen bonds than the 
primary ones (Tab. 2). Similarly as in 2-carbamoylguanidinium hydrogen fluorophosphonate (Fabry et ah, 2011a) all the 
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amine H atoms are involved in the hydrogen bonds (Tab. 2) with H-O(acceptor) spanning the range 1.93 — 2.40 A. This 
means that these hydrogen bonds are considered as the strong and weak hydrogen bonds (Desiraju & Steiner, 1999). 

The title structure is rather unusual for presence of a rare N — H— F hydrogen bond (Dunitz & Taylor, 1997; Krupkova 
et al, 2002) where F belongs to the hydrogen fluorophosphonate (Fig. 5). Nevertheless, all the patterns in the layers are 
quite similar (Figs. 4-6, Tab. 2). The hydrogen bond motif of the layer 2 (Fig. 5, Tab. 2) corresponds quite well to that of 
2-carbamoylguanidinium hydrogen fluorophosphonate (Fabry et al. (2011a); Fig. 7). 

X indices regarding the planes fitted through all the non-hydrogen cation's atoms equal to 1048.019, 158.651 and 22.287 
forNl, CI, N2,N3,C2, 01, N4;N5,C3,N6,N7,C4, 02, N8andN9,C5,N10,Nll,C6, 03, N12., respectively. Interestingly, 

in the motif observed in 2-carbamoylguanidinium hydrogen fluorophosphonate (Fabry et al, 2011a; Fig. 7), the % index 
equals to 1139.577. 

Experimental 

The structures were prepared by neutralization of stoichiometric amounts of guanylurea hydroxide and H2PO3F. Guanylurea 
hydroxide was prepared from guanylurea hydrochloride hemihydrate by an exchange reaction on anex. 

Guanylurea chloride hemihydrate has been described at the beginning of the 20"* century (Ostrogovich, 1911) and 
thoroughly characterized by Scoponi et al. (1991). It was prepared by acid hydrolysis of cyanoguanidine according to Fig. 
8. Diluted water solution (100 ml of water to every 0.1 mol of cyanoguanidine) of equimolar ratios of cyanoguanidine (99%, 
Sigma-Aldrich) and hydrochloric acid (p.a., Lachema) was gradually heated. After about 45 minutes, when the reaction 
mixture started boiling, the originally colourless mixture suddenly became greyish and cloudy for a while and then an 
exothermal process occurred. This process was accompanied by very intense boiling of the reaction mixture. The heating 
was immediately interrupted and the reaction mixture was placed on a cold magnetic stirrer and it was stirred for another 
15 minutes. The liquid which in the meanwhile had turned coulourless again was heated to the boiling point and kept 
heated for 2 h. Then the excessive water was evaporated under vacuum and a white crystalline product was filtered off. It 
was purified by recrystallization from water and characterized by powder XRD and found to be identical to the structure 
JODZOR (Cambridge Crystallographic Database (Allen, 2002; Scoponi et al, 1991). IR spectrum was recorded, too, in 
order to exclude possibility of contamination of the product by cyanoguanidine. The IR spectrum was in accordance with 

the compound described by Scoponi et al. (1991), whereas the intense doublet of CN" group typical for cyanoguanidine 
was absent. 

The solution of H2PO3F was prepared from solution of (NH^POsF.F^O that passed through the column of ca- 
tex. (NH4)2P03F.H20 was prepared by the method described by Schulke & Kayser (1991) and the raw material of 
(NH4)2P03F.H20 prepared by this method was recrystallized in order to get rid of contamination of (NH^F^POz}. The 
volume of the eluted solution of H2PO3F was about 50 ml in both cases. The solutions were put into the evacuated desiccator 
over P40io- The crystals appeared in one week. The crystals deteriorated quickly on air, possibly because of the mother 
liquor that remained on the surface of the crystals that could react with air humidity. The crystals were put into the special 
glass capillaries. For the title structure 0.74 g (NH4)2P03FH20 and 1 g of guanylurea hydroxide was applied. It should be 
added that the experiments in repeated preparation failed and different crystals have been prepared (Fabry et al, 2012Z>). 
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Refinement 

All the H atoms were discernible in the difference electron density map. The hydroxyl hydrogen Hloll of the hydrogen 
fluorophosphonate was refined freely. The coordinates of the atom PI have not been refined because of the fixing of the origin 
in the space group of the title structure. There have been applied the following restraints: Water H atoms were restrained to 
be distant 0.820 (1) A from the water oxygen Ow while the Hlow — Ow — H2ow angle was restrained to equal to 107.90 (1)°. 
[The latter value was retrieved from the neutron diffraction structure determinations contained in the Cambridge Crystal 
Structure Database (Allen, 2002).] The primary amine hydrogen distances were restrained to 0.860 (1) A and the angle 
Hlnl0-N10-H2nl0 was restrained to 120.00 (1) °. The geometry of the secondary amine groups N3, N7 and Nil were 
constrained as planar (z. e. their neighbours were situated in the plane together with the secondary amine groups) with 
the N — H distances equal to 0.89 A. The isotropic amine H atoms' displacement parameters have been constrained to 1.2 
multiple of U e q of the respective carrier N atoms while the Ui so of the water H atoms equalled to 1.5 multiple of U ec , of 
the water oxygen. 2216 Friedel pairs have been used in the refinement. The x, y and z fractional coordinates of PI atom 
have been fixed during the refinement. 



Figures 




Fig. 1. View of the constituent molecules and ions of the title structure; the displacement el- 
lipsoids are depicted at the 50% probability level (Spek, 2009). 
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Fig. 2. View of the unit cell of the title structure (Brandenburg, 2010.) 



Fig. 3. Plot of P — F vs. the longest P — O bond lengths in the molecules of hydrogen fluoro- 
phosphonate and fluorophosphonate. The plot was constructed by Origin (OriginLab, 2000). 
The title anions are symbolized by blue triangles; the left triangle corresponds to the fluoro- 
phosphonate while the right one to the hydrogen fluorophosphonate in the structure. For 
the list of the structures that entered into this plot, see the deposited material or Fabry et al. 
(2012a). 
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Fig. 4. View of the hydrogen bond pattern within the layer with z \sim 0.0 of the title struc- 
ture. This layer contains the water molecules (Brandenburg, 2010). 
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Fig. 5. View of the hydrogen bond pattern within the layer with z ~0.3 of the title structure. 
This layer contains hydrogen fluorophosphonate (Brandenburg, 2010). Compare with Fig. 7. 



Fig. 6. View of the hydrogen bond pattern within the layer with z ~0.6 of the title structure. 
Symmetry code: (i) x, y, z + 1. This layer contains fluorophosphonate (Brandenburg, 2010). 
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Fig. 7. Section of guanylurea hydrogen fluorophosphonate (Fabry et al, 2012a) showing the 
hydrogen-bond pattern (Brandenburg, 2010). Compare with Fig. 5. 



Fig. 8. Scheme of the preparation of guanylurea. 



Tris(2-carbamoylguanidinium) hydrogen fluorophosphonate fluorophosphonate monohydrate 



Crystal data 

3C2H 7 N40 + -HF0 3 P -F0 3 P 2 -H 2 0 

M r = 524.3 

Triclinic, PI 

Hall symbol: P 1 

a = 6.7523 (3) A 

b = 8.2926 (3) A 



Z = 1 

F(000) = 272 

D x = 1.648 MgnT 3 

Mo Ka radiation, X = 0.7107 A 

Cell parameters from 595 1 reflections 

6 = 3.0-29.2° 
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c = 9.7297 (4) A n = 0.30 mm" 1 

a = 100.630 (3)° T=297K 

(3 = 90.885 (3)° Prism, colourless 

y = 99.168 (3)° 0.60 x 0.45 x 0.40 mm 

V= 528.05 (4) A 3 



Data collection 

Oxford Diffraction Xcalibur Gemini ultra 
diffractometer 

Radiation source: Enhance (Mo) X-ray Source 
graphite 

Detector resolution: 10.3784 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis PRO, Oxford Diffraction, 2010) 
Tmin = 0.852, r max = 0.888 
8499 measured reflections 

Refinement 
Refinement on F 
R[F 2 > 20(^)1 = 0.030 

wR(F 2 ) = 0.068 

S= 1.52 

4769 reflections 

352 parameters 

22 restraints 
35 constraints 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 



4769 independent reflections 

4203 reflections with / > 3a(i) 
ic int = 0.018 

9max = 29.3°, 9 m ; n = 3.0° 

h = -9^8 
Ar = — 11— »11 
/ = -13->12 



Hydrogen site location: difference Fourier map 

H atoms treated by a mixture of independent and 
constrained refinement 

Weighting scheme based on measured s.u.'s w = 1/ 
[o\l) + 0.0004/ 2 ] 
(A/o) max = 0.042 

Ap max = 0.19eA~ 3 

Ap m in = -0.16eA~ 3 

Extinction correction: B-C type 1 Lorentzian isotrop- 
ic (Becker & Coppens, 1974) 
Extinction coefficient: 700 (200) 

Absolute structure: Flack (1983), 2216 Friedel pairs 

Flack parameter: 0.08 (6) 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




PI 


0.44795 


0.87104 


0.26806 


0.03489 (18) 


Oil 


0.3358 (3) 


0.7684 (2) 


0.3693 (2) 


0.0531 (7) 


Hloll 


0.363 (5) 


0.814(4) 


0.449 (4) 


0.089 (12)* 


012 


0.4277 (3) 


1.0485 (2) 


0.2976 (2) 


0.0490 (6) 


013 


0.6537 (2) 


0.8321 (2) 


0.24652 (19) 


0.0508 (6) 


Fl 


0.3223 (2) 


0.78577 (19) 


0.13057 (16) 


0.0606 (5) 


P2 


0.59898 (9) 


0.87217(7) 


0.70466 (7) 


0.03486 (18) 


021 


0.4136 (2) 


0.8915 (2) 


0.62423 (17) 


0.0446 (5) 


022 


0.6261 (3) 


0.6971 (2) 


0.6955 (2) 


0.0591 (7) 
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U.UJOZ 
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Lo 
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U.3Z&4 {3 ) 


A 1 A/1 £ ^1\ 

U.3U40 (3 ) 


A /^77^ ^7\ 

U.o3 Id yl) 


A A7A7 ^7^ 

U.U3UZ yl) 


\T1 1 

JN 1 1 


A 77^7 f1\ 

U.Z / j / (3) 


r\ a co/1 ^7\ 

U.4jo4 (ZJ 


A ^^7/17 /'I Q\ 

U.OJZ4Z (iyj 


A A777 

U.U3Z3 (o) 


TTInl 1 


A 171A1 

U.3 /3o3 


AC/1 C77/1 

U. j4j / /4 


A A 6. C 

U.oo14oj 


A A707* 
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0.0430 (7) 


Hlnl2 


0.161 (2) 


0.721 (2) 


0.661 (3) 
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H2nl2 


-0.0630 (13) 


0.659 (3) 


0.658 (3) 


0.0516* 


Ow 


0.8062 (3) 


0.7323 (3) 


-0.0104 (2) 


0.0697 (8) 


Hlow 


0.739 (4) 


0.754 (5) 


0.0580 (17) 


0.1045* 


H2ow 


0.741 (4) 


0.740 (4) 


-0.0799 (16) 


0.1045* 
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Atomic displacement parameters (A 2 ) 









/- ,22 

u 


U 




U 


U 


U 


PI 


0.0308 


(3) 


0.0250 (3) 


0.0478 


(3) 


A AAT f /T\ 

0.0036 (2) 


A AAT T /1\ 

-0.0033 (2) 


0.0052 (2) 


Oil 


0.0617 


(12) 


a at "71 / c\ \ 

0.0372 (9) 


0.0542 


(11) 


A AA"7A ZO\ 

-0.0079 (8) 


A AA A A / C\\ 

0.0044 (9) 


A AA/"7 ZO\ 

0.0067 (8) 


012 


0.0371 


(9) 


0.0255 (9) 


0.0847 


(12) 


a r\r\ c r s r i\ 

0.0056 (7) 


0.0049 (8) 


A A 1 A r /o\ 

0.0106 (8) 


013 


0.0397 


(9) 


A A/I 1 1 /A\ 

0.0411 (9) 


0.0739 


(11) 


A A 1 C A /"7\ 

0.0159 (7) 


A AAT T /C>\ 

0.0033 (8) 


A A A OA /0\ 

0.0089 (8) 


1 1 


0.0639 


( 1 A\ 

(10) 


A ACAZT /0\ 

U.UMJo (8) 


0.0611 


(8) 


A AA A T /'*7^ 

-U.UU42 ( /) 


HJ.UZiZ (/) 


A AAAA 

0.0090 (6) 


P2 


0.0257 


(3) 


a ai i /t \ 

0.0251 (3) 


0.0541 


(3) 


A AA1T /'O \ 

0.0023 (2) 


A AAAT 1 O \ 

0.0003 (2) 


A AAAA 1 ^\ \ 

0.0099 (2) 


021 


0.0394 


(9) 


r\ a a a r (r\\ 

0.0446 (9) 


0.0533 


(9) 


A A 1 "7 A i"7\ 

0.0170 (7) 


A AA 1 A i"7\ 

-0.0010 (7) 


A AAAA (1\ 

0.0099 (7) 


022 


0.0353 


(10) 


a mm /a\ 

0.0307 (9) 


0.1131 


(16) 


A AA"7A /C>\ 

0.0079 (8) 


A AA O O / 1 A\ 

-0.0088 (10) 


A A 1 "71 /A\ 

0.0172 (9) 


023 


0.0470 


(11) 


A A/C Al /I 1\ 

U.Uoyz (12) 


0.0616 


(11) 


A AAA1 /A\ 

u.uuuz (v) 


A AAAA /C>\ 

-U.UUvU (8) 


A AA/C1 /A\ 

-U.lXJoz (y) 


F2 


0.0487 


(9) 


a r\r r r /1 a\ 

0.0666 (10) 


A AA"7A 

0.0979 


(12) 


A AA A i"7\ 

-0.0042 (7) 


0.0227 (8) 


A AT AT /A\ 

0.0303 (9) 


XT 1 

N 1 


a m 1 "7 

0.0317 


ft 1 \ 

(11) 


A ACA*7 / 1 /1^ 

0.0597 (14) 


0.0576 


(12) 


A AA O A /1 A\ 

0.0080 (10) 


A AAAT /A\ 

0.0003 (9) 


A AA/m /I 1 \ 

0.0066 (11) 


xn 
N2 


A AT "7*7 

0.0377 


C\ 1 \ 

(11) 


0.0354 (11) 


A A/I 1 A 

0.0619 


(12) 


A AAT A /1 A~\ 

0.0039 (10) 


-0.0026 (9) 


A AAT 1 /A~\ 

0.0021 (9) 


CI 


0.0299 


(11) 


A A/1 /I 1 /1 1\ 

0.0441 (12) 


0.0318 


( 1 A^ 

(10) 


A AA A A /A\ 
0.0044 (9) 


A AAAO fO\ 

0.0008 (8) 


A AA A 1 /A~\ 
0.0041 (9) 


N3 


0.0301 


(10) 


A AT /I A ( 1 A\ 

0.0349 (10) 


0.0460 


(10) 


A AA1A ZO\ 

-0.0020 (8) 


A AAA/' ZO\ 

-0.0006 (8) 


A AA A A /OA 

0.0040 (8) 


C2 


0.0378 


(13) 


A A/1 /I C 

0.0445 (13) 


A AT A/C 

0.0396 


ft 1 \ 

(11) 


A AAOT /1 A~\ 

0.0082 (10) 


A AAT 1 /A~\ 

0.0021 (9) 


A AA A 1 /A\ 

0.0047 (9) 


Ol 


A m OA 

0.0280 


(8) 


A ACA*"> /1 A~\ 

0.0502 (10) 


A A"7AA 

0.0799 


(12) 


A AATT 

0.0023 (8) 


A AAT> ZO\ 

-0.0022 (8) 


A AA 11 /CA 

-0.0013 (8) 


N4 


0.0553 


(15) 


A A /I /I T /I T\ 

0.0443 (13) 


A A"7AA 

0.0700 


(14) 


A A 1 T "T / 1 1 \ 

0.0132 (11) 


a r\r\r\A ( 1 o \ 

0.0094 (12) 


0.0138 (11) 


N5 


0.0301 


(10) 


A A^t O O ( 1 1 \ 

0.0288 (11) 


0.0668 


(13) 


A A A "7 1 / C\ \ 

0.0071 (9) 


A AA 1 A 1 (\\ 

0.0014 (9) 


A Al Tl (C\ \ 

0.0122 (9) 


N6 


0.0251 


(11) 


A A /I AA /I 1\ 

0.0400 (13) 


0.0697 


(13) 


A AAOI /A\ 

0.0082 (9) 


A AAT O / A\ 

0.0038 (9) 


A A1TA /I 1\ 

0.0130 (11) 


C3 


0.0240 


(11) 


A AT CI / 1 T\ 

0.0352 (12) 


A AT T *7 

0.0337 


(11) 


A AA/CA /'n\ 

0.0060 (9) 


0.0026 (8) 


A AA*7C /A\ 

U.UU Id (y) 


N7 


0.0218 


(9) 


A A ""4 O /A\ 

0.0258 (9) 


A A A AA 

0.0499 


(10) 


0.0022 (8) 


A AAA/' ZO\ 

0.0006 (8) 


A AAOI ZO\ 

0.0082 (8) 


C4 


0.0233 


(11) 


A AT A1 / 1 T\ 

0.0302 (13) 


0.0435 


(12) 


A A A C 1 ( 1 A\ 

0.0051 (10) 


A AAA/' 1 (\\ 

0.0006 (9) 


A AAAT ( 1 A\ 

0.0093 (10) 


02 


0.0229 


(8) 


A AT /"> / 1 A\ 

0.0362 (10) 


0.0857 


(13) 


A AAT z' /0\ 

0.0036 (8) 


A AA A 1 ZO\ 

0.0041 (8) 


A A 1 /I A /A\ 

0.0140 (9) 


N8 


0.0314 


(12) 


0.0344 (12) 


0.0686 


(13) 


0.0107 (10) 


-0.0015 (10) 


0.0057 (11) 


N9 


0.0277 


(10) 


0.0269 (11) 


0.0605 


(11) 


0.0046 (9) 


0.0011 (9) 


0.0081 (9) 


N10 


0.0245 


(10) 


0.0463 (12) 


0.0724 


(14) 


0.0098 (9) 


0.0035 (10) 


0.0146 (12) 


C5 


0.0265 


(11) 


0.0324 (12) 


0.0315 


(10) 


0.0053 (9) 


-0.0002 (8) 


0.0056 (8) 


Nil 


0.0221 


(9) 


0.0258 (10) 


0.0475 


(10) 


0.0005 (8) 


0.0011 (8) 


0.0065 (8) 


C6 


0.0245 


(11) 


0.0324(12) 


0.0371 


(11) 


0.0040 (10) 


0.0030 (9) 


0.0051 (10) 


03 


0.0216 


(8) 


0.0345 (9) 


0.0698 


(11) 


0.0022 (7) 


0.0026 (7) 


0.0085 (8) 


N12 


0.0330 


(12) 


0.0287 (11) 


0.0683 


(13) 


0.0067 (9) 


0.0047 (10) 


0.0106(10) 


Ow 


0.0785 


(14) 


0.0877 (14) 


0.0564 


(11) 


0.0446 (12) 


0.0049 (10) 


0.0221 (11) 



Geometric parameters (A, °) 



PI— Oil 


1.548 (2) 


C6— 03 


1.225 (3) 


PI— 012 


1.4752 (17) 


C6— N12 


1.323 (3) 


PI— 013 


1.4850(17) 


Nl— Hlnl 


0.860 (18) 


PI— Fl 


1.5603 (14) 


Nl— H2nl 


0.860 (15) 


Oil— Hloll 


0.80 (3) 


N2— Hln2 


0.860 (13) 


P2— 021 


1.5118(18) 


N2— H2n2 


0.860 (16) 


P2— 022 


1.479 (2) 


N3— Hln3 


0.89 


P2— 023 


1.4949 (18) 


N4— Hln4 


0.860 (17) 


P2— F2 


1.5735 (18) 


N4— H2n4 


0.860 (19) 


Nl— CI 


1.315 (3) 


N5— Hln5 


0.860 (8) 
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MO Z" 1 1 

JNZ — CI 


1.311 (3) 


CI — JN3 


1 ICC /1\ 

1.3JJ (3) 


JN3 — Cz 


1.3V0 (3) 


/ pj 1 

CZ — Ol 


1.ZZ4 (3 ) 


PO XT< 

Cz — JN4 


1 TTC 

1.33j (3) 


MC CI 

JN j — Co 


1.3UJ (3 J 


JNo — C3 


1.3UV (3) 


C3 — JN / 


1.3 jy (3 ) 


MO P/1 

JN / — C4 


1 1 OA /O \ 

1.3yU (3) 


V-^t UZ 


i o i q 


C4 — N8 


1.328 (3) 


N9 — C5 


1.302 (3) 


N10 — C5 


1.316 (3) 


C5 — Nil 


1.361 (3) 


Nil — C6 


1.401 (3) 


Oil — r 1 — OlZ 


111 on ^1 n\ 
113.6V (10) 


Oil — r 1 — 013 


111 T1 /I 1 \ 

111.21 (11) 


Oil — r 1 — r 1 


no el /n\ 
ys.Di (V) 


OlZ — r 1 — 013 


11/: on /n\ 
116.6V (V) 


nn r> 1 tt i 
OlZ — r 1 — r 1 


1 no 1 1 /n\ 
106.33 (V) 


f\1 Q T)1 T7 1 

013 — r 1 — r 1 


no /n\ 
105.96 (9) 


n i /-\ i i it i „ i i 
rl — Oil — Hloll 


1 1 n /i\ 
110 (2) 


nil no mi 

Oz 1 — rZ — OzZ 


111 £ £ /1 n\ 
113. DD (10) 


z~\oi no mi 
OZ 1 — r Z — OZ 3 


111 ia /1 1\ 
1 13.39 (11) 


HT1 n~> CO 

Oil — rZ — rZ 


1 n/i to f 1 n\ 
104.26 (10) 


OzZ — r Z — OZ 3 


11/1 CI /11\ 

114.52 (13) 


Z~iOO DO T70 

OZZ — r Z — r Z 


1 nc no z' 1 1 \ 

luj.uy (ii) 


z"\o ^ no TTO 
Oz3 — rZ — r Z 


1 n/i /; 1 / 1 n\ 
104.61 (10) 


xti p i mo 
JN 1 — CI — JNZ 


12U.y (2 ) 


xti n xtq 

JN 1 — CI — JN3 


in r /i\ 

11 /.5 (2) 


\n p 1 \n 
JNz — CI — JN3 


ill /; /i\ 
121.6 (2) 


P 1 xtq pi 

CI — JN3 — Cz 


11/1 /i o / 1 0\ 

124.46 (18) 


xn pi pi 

JN3 — Cz — Ol 


in i /"1\ 
122. 1 (2) 


\n n m/i 
JN3 — CZ — JN4 


1110 fi~\ 
113.6 (2) 


pi 1 pi M/1 

Ol — Cz — JN4 


ii/i i /i\ 
124.2 (2) 


XTf PQ XT/T 

JN j — C3 — JNo 


1 in n /i\ 
120.9 (2) 


MC PI MO 

JN!) — C3 — JN / 


1 n i /i\ 
122.1 (2) 


\T£ ri mo 
JNo — C3 — JN / 


1 1 7 n/; (\ o\ 

ii /.uo (iy) 


pi MO P/1 

C3 — JN / — C4 


nc m / 1 "7\ 
125.2y (1 /) 


MO P/1 

JN / — C4 — Oz 


111 O /"1\ 

121.6 (2) 


"\TO P/1 MO 

JN / — C4 — JN o 


11/1 £"7 /1 0\ 

114.6/ (18) 


m p/i mo 
Oz — C4 — JN 0 


123.5 (2) 


MO PC M 1 A 

JNy — Cj — JN 1U 


1 in o /i\ 
120.6 (2) 


Mfl Z" 1 C TvT 1 1 

N9 — C5 — Nil 


111 H /1"\ 

122. / (2) 


N10— C5— Nil 


116.5 (2) 


C5— Nil— C6 


124.21 (17) 


Nil— C6— 03 


121.7 (2) 


Nil— C6— N12 


114.23 (18) 


03— C6— N12 


124.0 (2) 



XTf TTO-.C 

JN j — hlZnj 


U.OOU (iy) 


JNo — hllno 


c\ Q/zr\ /1 o\ 
U.OOU (1 /) 


JNo — hlZno 


U.OOU (1J) 


MO I I 1 ,, O 

JN / — rllll / 


u.oy 


MO I I 1 „ O 

JNo — hllno 


r\ Q/zr\ /1 o\ 
U.ooU (1Z) 


MO TUO-.0 

JNo — hlZno 


U.ooU (1J) 


JNy — hllny 


U.OOU (Oj 


mo 1 1 ~> n 

JNy — hlZny 


U.ooU (lo) 


M 1 A TT |,,| A 

JN 1U — hllnlU 


U.ooU (11) 


Ml 0 N?n1 n 

in i u — nz.ii i u 


ft R6ft (\ 1 ^ 


Nil — Hlnll 


0.89 


N12 — Hlnl2 


0.860 (17) 


N12 — H2nl2 


0.860 (13) 


Ow — H 1 o w 


0.82 (2) 


Ow — H2ow 


0.82 (2) 


CI — JN3 — hlln3 


I 1 O 0£ 1 c 

II /. /ol J 


I I 1 „Q XTQ PI 

hi 1 n3 — JN 3 — Cz 


I 1 o oz; 1 o 

II /./OL / 


PO MO I I 1 ,, O 

C3 — JN / — hi 111 / 


I 1 O 1^1 

I I /.3 j3 


I I 1 .-. O MO P/1 

rl 1 n / — JN / — C4 


117 ict) 

1 1 /.3 j3Z 


C Z M 11 T_T 1 « 1 1 

CD — JN 1 1 — hllnl 1 


I 1 O OO/I c 

I I /.oy4j 


PC M 11 P£ 

CD — JN 1 1 — Co 


1 O/l O 1 / 1 o\ 

1Z4.Z1 (1 /) 


H 1 „ 1 1 M 11 P£ 

hllnl 1 — JN 1 1 — Co 


1 1 O OO/l £. 

ii /.oy4o 


TT 1 „ 1 M 1 P 1 

rllnl — JN 1 — CI 


1 OO 1 /1 £\ 

1ZZ.1 (loj 


I I1„ 1 XTI pi 

hlZnl — JN 1 — CI 


no c /I 1\ 

llo.J (13) 


I I i -> MO P 1 

hi 1 nZ — JN Z — C 1 


1 1 C O { 1 c\ 

11 J. / (lo) 


TJO-.0 MO PI 

hlZnZ — JN Z — C 1 


1 O 1 1 Z1 o\ 

1Z1.3 (1 /) 


PO M/1 TT1n/l 

CZ — JN4 — rlln4 


i i o q /i n\ 

i lo.y (i /) 


po M/i l n„ 1 
Cz — JN4 — hlZn4 


1 1 O A f \ A\ 

1 lo.4 (14) 


xtc pi 

hi 1 n j — IN j — C3 


1 OA 6. (\ 0\ 

IZU.o (lo) 


T-JOn^ MC PO 

rlZnj — JN j — C3 


| l £ c (\A\ 

llo.J (14) 


p A MO 1 T 1 „ll 

C4 — JN o — hi 1 no 


1 1 o o /i o\ 
11Z.0 (lo) 


p A MO TUO^O 

C4 — JN o — hlZno 


110 O ( \1\ 

1 lo.o (13) 


1 1 1 ,,n MO pc 

hi i ny — jn y — c j 


1 1 n n ( i o\ 

lly.y (1 /) 


1 1 "> n mo pc 

rizny — jn y — c j 


i m o n c\ 

ny. / (i j) 


TT | „ 1 n M1A PC 

hllnlU — JN 1U — Cj 


11£ n ( ] ]\ 

i lo.y (ii) 


I I "> ,, 1 1 \ XTI A PC 

hlZnlU — JN 1U — Cj 


1 Ol 1 

iz3.i (y) 


/ • / MIO I I 1 ,, 1 "> 

Co — JN 1 Z — rl 1 n 1 Z 


1 O 1 A (\ o\ 

1Z1.4 (12) 


/ • / m 1 o i n,, 1 o 
Co — JN 1Z — rlZnlZ 


111 £ Z1 o\ 

11 l.o (lo) 


r_ri«i mi T_ro-.i 
hllnl — JN 1 — hlZnl 


i in p>\ 

119 (2) 


T_T1«0 MO I !">,,"> 

rl 1 nZ — JN Z — rlZnZ 


1 Ol /o\ 

123 (Z) 


tt i „ a M/i l n„ ,1 
rl 1 n4 — JN *\ — rlZn4 


1 on /o\ 
1ZU (Z) 


U 1 „r MC I I "> C 

rl 1 n j — JN j — HZn j 


1 oi /o\ 
123 (Z) 


TT1 /i TvTZZ TTO^ZZ 

11 1 no — N o — Hzno 


in n n ^l^ 

117.9 (19) 


Hln8— N8— H2n8 


127 (2) 


Hln9— N9— H2n9 


120 (2) 


HlnlO— N10— H2nl0 


120.0 (14) 


Hlnl2— N12— H2nl2 


123 (2) 


Hlow — Ow — H2ow 


108 (3) 
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Hydrogen-bond geometry (A, °) 



U — rl A 


n 1 1 
u — 1 1 


T-J... A 
rl A 


U A 


n T-J... a 

U 1 1 A 


Oil — Hloll-021 


0.80 (3) 


1 72 (4) 


2.515 (3) 


174 f4i 


Ow— Hlow-013 


0.82 (2) 


1.957 (19) 


2.754 (3) 


164 (2) 


Ow— H2ow-022' 


0.82 (2) 


2.253 (17) 


3.037 (3) 


160 (3) 


Ow — H2ow--023' 


0.82 (2) 


2.41 (3) 


3.023 (3) 


132 (3) 


Nl — Hlnl-Ow 


0.860 (18) 


2.302 (15) 


3.022 (4) 


141 (2) 


JN 1 — rlznl '"Ul 


0 861 CI 71 


2.24 (2) 


2.795 (3) 


1 Z.Z. .1 1 1J 1 


Nl— H2nl-023 iii 


0.861 (15) 


2.431 (14) 


3.141 (3) 


140.3 (18) 


N6— H2n6-02" 


0.860 (17) 


2.23 (2) 


2.750 (3) 


119.0(15) 


N6— H2n6-012 iv 


0.860(17) 


2.491 (15) 


3.200 (3) 


140.3 (17) 


N6— Hln6- -Oil 


0.861 (19) 


2.28 (2) 


3.141 (3) 


174 (2) 


N9— H2n9-021 iv 


0.860 (17) 


2.08 (2) 


2.916 (2) 


164 (2) 


N9— Hln9-F2 v 


0.860 (7) 


2.479 (19) 


3.096 (2) 


129 (2) 


N9— Hln9-03 


0.860 (7) 


2.01 (2) 


2.634 (2) 


129 (2) 


N2— H2n2-Ow 


0.861 (16) 


2.12(2) 


2.894 (3) 


150 (2) 


N2— Hln2-01 


0.861 (12) 


1.94(2) 


2.618 (3) 


135 (2) 


In j — rizn j yj 1 j 


U.oDZ \iy) 


ZM 1 \Z) 


Z.VUO yo ) 




N5— Hln5-02 


0.860 (7) 


2.03 (2) 


2.646 (3) 


128 (2) 


N10— Hlnl0-O21 iv 


0.860 (13) 


2.595 (10) 


3.318 (3) 


142.5 (17) 


N10 — H2nl0-O3 vi 


0.861 (13) 


2.186(14) 


2.750 (3) 


122.9 (11) 


N10— H2nl0-O22 


0.861 (13) 


2.524 (13) 


3.209 (3) 


137.1 (11) 


IN J 1 1 1 11 J UiJ 


0.89 


1.95 


2.770 (3) 


153 


N7— Hln7-012 iv 


0.89 


1.93 


2.807 (3) 


166 


Nil— Hlnll-022 


0.89 


1.93 


2.804 (3) 


166 


N4— Hln4-023 vii 


0.860 (14) 


2.386 (16) 


3.170 (3) 


152 (2) 


N4— H2n4-Ow iv 


0.86 (2) 


2.32 (2) 


3.173 (3) 


176 (2) 


N8— H2n8-013 iv 


0.857 (16) 


2.024 (16) 


2.877 (3) 


173.8 (15) 


N8— Hln8-012 viii 


0.860 (10) 


2.179(10) 


3.034 (3) 


173 (3) 


N12— Hlnl2-021 


0.859 (11) 


2.115 (16) 


2.972 (2) 


175 (3) 


N12— H2nl2-022 ii 


0.859 (11) 


2.198(11) 


3.031 (3) 


163 (3) 



Symmetry codes: (i) x,y,z-\; (ii)x-\,y, z; (iii) x,y-\,z-\; (iv) x,y-\,z; (v) x-\, y-1, z; (vi) x+\,y, z; (vii) x+\,y-\, z-1; (viii)x+l, 
y-l,z. 



Table 3 

Table 2. The hydrogen-bond pattern in the title structure. The atoms N1-N4, N5-N8 and N9-N12 are situated in the first 
(Fig. 3), second (Fig. 4) and the third layer (Fig. 5), respectively. The atoms in the blocks comprise the corresponding 
atoms in the respective layers: e.g. N2 — H2n2—01, N5 — H2n5---02, N10 — Hlnl0---O3. 

D-H-A D-H (A) H-A(A) D- A(A) D-H-A(°) sym. 

OII-HI0II-O2I 0.80 (4) 1.72 (4) 2.515 (3) 174 (4) 

Ow-Hlow-013 0.82 (2) 1.957 (19) 2.754 (3) 164 (2) 

Ow-H2ow-022 0.82 (2) 2.253 (17) 3.037 (3) 160 (3) x, y, -1+z 
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Ow-H2ow-023 


0.82 (2) 


2 41 (3) 


3.023 (3) 


132 (3) 


x, y, - 1 +z 


\T1 I I 1 n 1 ...A,i, 

JN 1-rllnl '"UW 


U.ooU (loj 


Z..3UZ {IJ) 


3.UZZ (4 J 


1 A 1 /")\ 

141 (Z) 




M1 1 Hn 1 ...{~\~\ 

IN 1-rlZni Ul 


U.ool \l / ) 


0 O/l /")"\ 
Z.Z4 ^Z J 


Z. /VO ) 


1ZZ.4 \ i-~>) 


-l+x, y, z 


Mi 1 1 ") ,, i ...oil 
IN 1-rlZni \JZj 


U.ool (1 D) 


Z.431 


11/11 


14U.3 \\-o) 


., 1 1, , 1 I™ 

x, - i i y, -i+z 


inu nziiu 


U. OUVJ ^1/1 


2.23 (2) 


2.750 (3) 


117 .VJ J 1 


-l+x, y? z 


N6-H2n6--012 


0.860 (17) 


2.491 (15) 


3.200 (3) 


140.3 (17) 




N6-Hln6-OH 


0.861 (19) 


2.28 (2) 


3.141 (3) 


174(2) 




N9-H2n9- -021 


0.860 (17) 


2.08 (2) 


2.916 (2) 


164(2) 


x. -1+v. z 


N9-Hln9--F2 


0.860 (7) 


2.479 (19) 


3.096 (2) 


129 (2) 


-l+x, -1+y, z 


N9-Hln9-03 


0.860 (7) 


2.01 (2) 


2.634 (2) 


129 (2) 




JNZ-riZnZ "W 


U.ool (lo) 


0 1 0 f>~\ 

ZAZ (ZJ 


"> CO/1 f1\ 

Z.oy4 {3 ) 


1 jU (ZJ 




N7-H1 n?--01 
inz, niiiz ui 


VJ.OU 1 yLZ.) 


1 Q4 0 s ! 


Z..KJ 1 O ^ J ^ 


i jj yz. i 




N5-H2n5— 013 


0.862 (19) 


2.07 (2) 


2.906 (3) 


165 (2) 




N5-H2n5--02 


0.860 (7) 


2.03 (2) 


2.646 (3) 


128 (2) 




N10-Hlnl0-O21 


0.860 (13) 


2.595 (10) 


3.318 (3) 


142.5 (17) 


x, -1+y, z 


N10-H2nl0-O3 


0.861 (13) 


2.186(14) 


2.750 (3) 


122.9 (11) 


l+x, y, z 


N10-H2nl0-O22 


0.861 (13) 


2.524(13) 


3.209 (3) 


137.1 (11) 




N3-Hln3..023 


0.89 


1.95 


2.770 (3) 


153 


x,-l+y,-l+z 


N7-Hln7---012 


0.89 


1.93 


2.807 (3) 


166 


x,-l+y,z 


Nll-Hlnll 022 


0.89 


1.93 


2.804 (3) 


166 




JN4-Hln4---U23 


0.660 (14) 


2.3S6 (16) 


1 1 *7A /"3\ 

3.1 /0 (3) 


152 (2) 


1 1 1 I I T 1 I 

l+x, -1+y, -l+z 


N4-H2n4-Ow 


0.86 (2) 


2.32 (2) 


3.173 (3) 


176 (2) 


x, -1+y, z 


N8-Hln8-013 


0.857 (16) 


2.024(16) 


2.877 (3) 


173.8 (15) 


x, -1+y, z 


N8-H2n8-012 


0.860 (10) 


2.179(10) 


3.034 (3) 


173 (3) 


l+x, -1+y, z 


N12-Hlnl2-021 


0.859 (11) 


2.115 (16) 


2.972 (2) 


175 (3) 




N12-H2nl2-022 


0.859 (11) 


2.198(11) 


3.031 (3) 


163 (3) 


-l+x, y, z 
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Fig. 3 



a 

c 
OJ 
i 

C 

o 



1,66-1 
1,65- 
1,64- 
1,63- 
1,62- 
1,61 - 
1,60- 
1,59- 
1,58- 
1,57- 
1,56- 
1,55- 
1,54- 



(P0 3 Ff 
(HP0 3 F)" 
H...(P0 3 F) 2 
title structure 



a ▲ 



1* • •• 



1,48 1,50 1,52 1,54 1,56 

The longest P-0 bond-length (A) 



1,58 
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Fig. 8 
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